[Docket No. 34833/US] 
PATENT 

REMARKS 

This Preliminary Amendment amends the originally-filed specification of the 
above-referenced U.S. application, via a substitute specification, to refer to and claim 
priority from the underlying PCT Application No. PCT/JP03/00129 filed on January 9, 
2003, and from Japanese Patent Application Nos. 2002-064303 and 2002-130792, filed 
March 8, 2002 and May 2, 2002, respectively, pursuant to 37 C.F.R. § 1 .78(a)(2). In 
addition, the specification has been amended to remove minor informalities from the 
translation of the originally-filed international application. A marked-up comparison 
illustrating changes between the originally-filed specification and the substitute 
specification is enclosed herewith. 

In addition, originally-filed claims 1-9 of the underlying PCT Application No. 
PCT/JP03/00129 have been cancelled without prejudice, and new claims 10-25 have 
been added to provide the originally filed claims 1-9 in an appropriate form for prosecution 
before the U.S. Patent and Trademark Office, and not due to any reason of patentability. 
Accordingly, claims 10-25 are now under consideration in the above-identified application. 
The amendments to the specification and new claims do not add new matter to the 
application. 

The underlying PCT Application No. PCT/JP03/00129 includes an 
International Search Report, dated February 25, 2003, a copy of which is included. The 
Search Report includes a list of document(s) that have been considered by the Examiner 
in the underlying PCT application. 
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DESCRIPTION HIGHLY CORROSION-RESISTANT HOT DIP PLATED STEEL 
MATERIAL EXCELLENT IN SURFACE SMOOTHNESS 

Technical Field 

CROSS REFERENCE TO R ELATED AP PLICATIONS 

fOOOll This application is a national stage application of PCT Application No. 

PCT/JP03/0 0129 which was filed on January 9. 2003 and published on September 18. 
2003 as International Publication No. WO 03/076679 fthe "International Application"^. 
This application claims priority from the International Application pursuant to 35 U.S.C. 
§ 365. The present application also claims priority under 35 U.S.C. § 1 19 from Japanese 
Patent Application Nos. 2002-064303 and 2002-130792. filed March 8. 2002 and Mav 2. 
2002. respectively, the entire disclosures of which are incorporated herein bv reference. 

FIELD OF THE INVENTION 

r00021 The present invention relates to a plated steel 
sheet and, more — specifically in particular , to a steel 
material having arft — excellent a particular surface smoothness 
and being applicable to various applications such as steel 
sheets for home electric appliances, automobiles and 
building materials. 

rooo3i 

[00041 Background Art 
BACKGROUND INFORMATION 

10005] Among plated steel materials most commonly used as having a good 

corrosion resistance, there are galvanized-type and aluminum-plated-type steel sheets. 



Such plated steel sheets are used in various manufacturing industries including the fields 
of automobiles, home electric appliances and building materials. In addition to those, 
plated steel materials are used in various fields including plated steel wires and hot dip 
plating. In particular, steel materials to which Al-added plating is applied have a high 
corrosion resistance and, therefore, have been increasingly used in recent years. 

100061 The — present — inventoro, — with — t-fre — aim — ef — improvinq To 
improve the corrosion resistance of such galvanized-type steel sheets, have 
proposed the use of Zn-Al-Mg-Si hot dip plated steel sheets has been described in 
Japanese Patent No. 3179446. Further, ^he — present — inventors — have 
clarified, — in Japanese Unexamined Patent Publication No. 2000-064061, tke 
fact it was described that a painted steel sheet more excellent in corrosion 
resistance can be obtained by adding one or more elements of Ca, Be, Ti, Cu, Ni, Co, Cr 
and Mn to such a proposed Zn-Al-Mg-Si hot dip plated steel sheet. 

100071 Further, it — — disclosed — ±& — Japanese — Unexamined Patent 

Publication No. H5-125515 describes that, when Ti is added to a Zn-Al hot dip plated 
steel sheet with the aim of improving the corrosion resistance of a galvanized-type steel 
sheet, the steel sheet is excellent in resistance to black discoloration with age. 
Furthermore, ±t — i-s — disclosed — Japanese Unexamined Patent Publication 
No. 2001-295015 describes that a surface appearance is improved by adding Ti, B and Si 
to a Zn-Al-Mg hot dip plated steel sheet. 

100081 However, with the aforementioned and with other disclosed plated steel 

sheets, surface smoothness is Hkelyj nsufficiently secured. 



f00091 In the case of a Zn-Al binary alloy, the eutectic point thereof is 6%A1- 

94%Zn in mass and, when an Al concentration is higher than that, an Al phase 
crystallizes as a primary crystal. Meanwhile, in the case of an Al-Si binary alloy, the 
eutectic point thereof is 87.4%Al-12.6%Si in mass and, when an Al concentration is 
higher than that, an Al phase crystallizes as a primary crystal. 

[00101 In the case of a Zn-Mg-Al ternary alloy, the ternary eutectic point thereof 

is 3%Mg-4%Al-93%Zn in mass and when an Al concentration is higher than this an Al 
phase crystallizes as a primary crystal. When a solidification speed of plating is 
sufficiently secured at the time of hot dip plating, the plating solidifies before an Al phase 
grows large and therefore surface smoothness does not deteriorate. In contrast, when a 
solidification speed of plating is low, the problem is that an Al phase grows large at first, 
causing ruggedness to form on a plated surface and, as a result, the surface smoothness 
deteriorates. 

TOPHI Nevertheless, the technology disclose d d escribed in the 
aforementioned Japanese Patent No. 3179446 generally does not take the problem of the 
deterioration of surface smoothness into consideration. Further, though the technology 

disclose d described in the aforementioned Japanese Unexamined Patent 

Publication No. 2000-064061 cmplovo maY employ the addition of one or more 
elements of Ca, Be, Ti, Cu, Ni, Co, Cr and Mn with the aim of improving post-painting 
corrosion resistance, the technology neither takes the problem of the deterioration of 
surface smoothness into consideration^ nor refers to an intermetallic compound. The 
technology diocloocd de scribed in the aforementioned Japanese Unexamined 



Patent Publication No. H5-125515 does not take the problem of the deterioration of 
surface smoothness into consideration. Furthermore, though the technology 
disci oscd described in the aforementioned Japanese — Unexamined Patent 
Publication No. 2001-295015 employs the addition of Ti and B with the aim of 
suppressing the formation and growth of a ZnnMg2 phase that deteriorates surface 
appearance, the technology neither takes the problem of the deterioration of surface 
smoothness into consideration nor refers to an intermetallic compound. 

[00121 

100131 Disclosure of the Invention 
SUMMARY OF THE INVENTION 

[0014] The present invention has been addressed in the light of the above 

problems and the object thereof is to provide a plated steel material excellent in surface 
smoothness even in the case of a high Al concentration exceeding 4% in mass. 

[00151 -4%e Accordinq to one exemplary embodiment of the 
present invention — has — been — established — fee — solve — fefre — above 
problems — aftd — fcke — gist — thereof — ts — ets — f ollows; — (4r) — A , a highly 
corrosion-resistant hot dip plated steel material excellent in surface smoothness- 
charactcrizcd — by — having is provided. For example, on the 
surface thcrcof of the steel material, a plated laye r is provided which 
contains Al of 4% or more in mass and has an Al-type intermetallic compound in an Al 

phase. (-2-) — A highly corrosion - resistant hot dip plated steel 

material — excellent — ±-h — surface — smoothness, — characterized by 



having e« feke ourf ace thereof a plated layer which 

Accordi ng to another exemplary embodiment of the present 
invention , the plated layer may contains Al of 4% or more in mass and has an Al- 
type intermetallic compound abutting on an Al phase. 

[00161 (-3-) — A — highly — corroo ion - resistant — hefe — dip — plated 

steel material — excellent — tn — surface — smoothness — according — fee 
the — item — — — (2 ) , — characterized — i-n — that — said — plated 
layer contains The plated layer may contain Al of 4 to 20% and Mg of 1 to 10% in 

mass with the balance consisting of Zn and unavoidable impurities.-(-4-) A highly 

corrosion - resistant hot dip plated steel material excellent 
itt — surface — smoothness — according — fee — feke — item — — — (2) , 

characterized in that said plated layer contains 

Alternatively or in addition, the plated layer may contain Al of 4 to 
20%, Mg of 1 to 10% and Si of 0.001 to 2% in mass with the balance consisting of Zn 
and unavoidable impurities. — (-§-) — A highly corrosion - resistant hot dip 
plated On the surface of the steel material — excellent — ±& — surface 
smoothness — according — fee — an-y — en-e — o€ — fefee — items — (4-j — fee — ( 4 ) , 
characterized — by — having — eft — fehe — surface — thereof^ a plated layer 
containing an intermetallic compound may be provided having a melting point of 600°C 
or higher by 0.001 to 0.5% in mass. 

r00171 (-6-) — AAccordinq to still exemplary embodiment of 

the present invention, a highly corrosion-resistant hot dip plated steel material 



excellent in surface smoothness mav be provided . For example , characterized 
in that at least one of the lattice constants of said the intermetallic compound 
according to any one of the items — (4-) — fee — (-5-) — is -may be in the 

range from 3 to 5 A. — (-7-) A — highly — corrosion - resistant — het — dip 

plated — steel — material — excellent — i-R — surface smoothness , 

characterized — ift — that — said The intermetallic compound according 
to any one of the — items — (4-) — fee — KH — i-s- can be one or more of an Ni- 
Al-type intermetallic compound, a Ti-Al-type intermetallic compound, a Zr-Al-type 

intermetallic compound and an Sr-Al-type intermetallic compound.-f8-) A highly 

corrosion - resistant hot dip plated steel material — excellent 

if* — surface — smoothness, characterized — if* — that — said The 

intermetallic compound according to any one — &€ — teke — items — (-3r) — fee 
-f?-) — ie can also be one or more of TiAl 3 , NiAl 3 , Co 2 Al 9 , Co 4 Al 13 , CrAl 4 , CrAl 7 , 
Cr2Aln, MiLjAln, MnAle, AlnCe3, CeZ^Ab, Al^, AlnLa 3 , AI12M0, NbAl 3 , Al2Se 3 , 
TaAl 3 , ZrAl 3 , Zr 2 ZnAl 3 , Al 2 Ca, TiyAkSiu, FeNiAl 9 , Fe 3 NiAl 10 , TiAl 2 , TiAl, Ni 2 Al 3 , NiAl 

and SrAU. (4H — A — highly — corrosion - resistant — kefc — dip — plated 

steel material excellent i« surface smoothness, 

characterized — if* — that — said The Ti-Al-type intermetallic compound 
according to the item (7) — i ^may be Ti(Ali_xSix) 3 . 

rooisi 

[00191 Brief Description of the Drawings 

[0020] All cited references are h ereby incorporated herein 
by reference in their entireties. 



BRIEF DESCRIPTION OF THE DRAWINGS 

f00211 Figure 1(a) is a micrograph (magnification: 3.500) of a plated layer of a plated 
steel material which includes an intermetallic compound existing in an Al phase. 

F00221 Figure — 1 — consists — of views — showing an — example — e# 

€m — intermetallic — compound — existing — ifi — aa — Ai — phase : — Figure 

1(a) ±-s — a — microphotograph — (magnification : — 3, 500) — e4 — feke 

plated — layer — — a — plated — steel — material; — a**d — Figure 1(b) is an 
illustration showing thc of an exemplary distribution state of each structure in 
the microphotograph of the plated layer of the plated steel material of Figure 1(a) . 

[00231 Figure 2(a) is a microphotograph (magnifi cation: 2 ,500) of the plated lay er of a 
plated steel material according to the present invention which includes an example of the 
solidification structure of the plated layer. 

[00241 Figure — 2 — consists — of views — showing — ob — example — e# 

the solidification structure of a plated layer: — Figure 2(a) 
4rS — a — microphotograph — (magnification : — 2, 500) — e4 — fck-e — plated 
layer — ef — a — plated — steel — material — according — fee — fefee — present 
invention; — and Figure 2(b) is an illustration showing of the distribution state of 
each structure in the microphotograph of the plated layer of the plated steel material 
according to the present invention. 

[00251 

[0026] Best Mode for Carrying Out the Invention 



r00271 — prcocnt — invention — is — explained — if* — detail 

hereunder . 

DETAILED DESCRIPTION 

[0028] The hot dip plated steel materials according to the present invention om 

include: a plated steel material characterized by having on the surface thereof a plated 
layer which contains Al of 4% or more in mass and has an Al-type intermetallic 
compound in an Al phase-* — a-f*d — a- . A plated steel material can also be includes 
which is characterized by having on the surface thereof a plated layer which contains Al 
of 4% or more in mass and has an Al-type intermetallic compound abutting on an Al 
phase. 

[00291 -^ According to one exemplary embodiment of the present 
invention, hot dip plating mcano can mean a plating which uses metal prepared: by 
adding Al and, if necessary, further one or both of Si and Mg to a molten Zn bath; or by 
adding Si and, if necessary, f urthcr additional one or both of Zn and Mg to a 
molten Al bath. 

[00301 In a plating bath, besides the above components, Fe, Sb, Pb, Sn and 

unavoidable impurities may be contained individually or in combination by 0.5% or less 
in mass. Further, even when Ca, Be, Cu, Co, Mn, P, B, Bi and the third group elements 
are contained by 0.5% or less in mass in total, the effect of the present invention is not 
hindered and rather, in some favorable cases, corrosion resistance is further improved 
depending on the addition amount. 



[00311 The reason why an Al content is limited to 4% or more in mass in the 

present invention is that, if an Al content is less than 4% in mass, the effect of improving 
corrosion resistance is insufficient. Meanwhile, when an Al content is less than 4% in 
mass, an Al phase does not crystallize as a primary crystal and therefore the problem of 
the deterioration of smoothness does not arises. The upper limit of an Al content is not 
particularly regulated. However, it is desirable that an Al content is 95% or less in mass 
in order to avoid too high a plating bath temperature. 

100321 -j-ftr Accordinq to an exemplary embodiment of the present 
invention, an Al phase -jr emay be the phase that looks like an island or a dendrite 
having a clear boundary in a plated layer and the phase corresponds to, for example, an 
"Al phase" (an Al solid solution that contains Zn in the state of a solid solution) at a high 
temperature in an Al-Zn binary phase equilibrium diagram. In such an Al phase at a high 
temperature, the amount of dissolved Zn varies in accordance with the concentration of 
Al in a plating bath. An Al phase at a high temperature usually separates into a fine Al 
phase and a fine Zn phase at an ordinary temperature and it is reasonably estimated that 
the island shape observed at an ordinary temperature is the residue of the Al phase at a 
high temperature. The phase that derives from such an Al phase (called an Al primary 
crystal) at a high temperature and retains the shape of the Al phase is called an Al phase 
in the present invention. 

[00331 In the case of an Al phase of an Al-Si binary, Al-Zn-Si ternary, Al-Zn-Mg 

ternary, Al-Mg-Si ternary or Al-Zn-Mg-Si quaternary alloy, the amount of dissolved 
elements and also the shape of the phase at an ordinary temperature vary in accordance 
with the variation of the concentration in the alloy in a plating bath. However, in any of 



the cases, the Al phase retains the shape derived from an Al primary crystal, is clearly 
identified under microscopic observation and thus is called an Al phase in the present 
invention. 

[0034] Here in this manner , plating of a poor surface smoothness represents a 
state wherein ruggedness is formed on the surface of a plated layer at the intervals of 
several tens micrometers to several millimeters and can sufficiently be observed visually. 
When the cross section of a plated layer is observed with an optical microscope, the 
plated layer is classified into the portions of thick plated layers and thin plated layers and, 
in some extreme cases, the thickness of a thin portion is less than half that of a thick 
portion. The smoothness can be evaluated by measuring the roughness in the wavelength 
range of 50 Jim or more. 

[0035] The reason why the position of an Al-type intermetallic compound in a 

plating layer j^ &may be limited to a position in an Al phase or a position abutting on an 
Al phase in the present invention is that, with an intermetallic compound existing at a 
position other than the above, surface smoothness cannot would not likely be 
improved. 

[00361 The reason why an Al-type intermetallic compound existing in an Al 

phase or abutting on an Al phase improves surface smoothness is presumably that the 
inoculation effect, that an Al-type intermetallic compound provides, acts as the 
crystallization nucleus of an Al phase causes many Al phases to crystallize even at a low 
cooling rate and the solidification of a plated layer to become uniform. 



r00371 — As a rcoult e #Based on the — prcocnt inventors 1 

investigation of Al phases in many plated layers, intermetallic compounds several 
micrometers in size were observed in most of the Al phases or at portions abutting on the 
Al phases. An example of an intermetallic compound existing in an Al phase is shown in 
Figure 1. Figure l(a)7 — fefee — upper — half — e€ — Figure — h- t — irs- shows a 
microphotograph (magnification: 3,500) of the plated layer of a plated steel material 
according to an exemplary embodiment of t he present inventio n and . Figure 1(b)- 
t-he — lower half — thereof; — ire shows an illustration showing thc of an 
exemplary distribution state of each structure in the microphotograp h of Figure KaV 
As can be seen and understood from the f igurco Figures 1(V> and l(b\ each structure 
can clearly be identified by a microphotograph of the plated layer of a plated steel 
material according to the present invention. 

[0038] The size of an intermetallic compound is not particularly limited in the 

exemplary embodiment of the p resent invention. Incident ally For example , the 
sizes of the intermetallic compounds obocrved by the prcocnt — inventoro 
wcrc may be 10 jam or smaller. The percentage of Al phases where in in which 
intermetallic compounds exist is not particularly limited either. However, — itIJ is 
desirable that the rate of Al phases wherein intermetallic compounds exist exceeds 10% 
of all Al phases. 

[00391 Plated steel materials having a highly corrosion-resistant particularly in 

various environments among those according to another exemplary embodiment of the 
present invention include a plated steel material characterized by having on the surface 



thereof a plated layer containing Al of 4 to 20% and Mg of 1 to 10% in mass with the 
balance consisting of Zn and unavoidable impurities or a plated layer containing Al of 4 
to 20%, Mg of 1 to 10% and Si of 0.001 to 2% in mass with the balance consisting of Zn 
and unavoidable impurities. 

100401 Thc Some of the reasons why an Al content is limited to 4 to 20% in 
mass are that, if it is less than 4% in mass, the effect of improving corrosion resistance is 
insufficient, that, within that range, the problem of the deterioration of smoothness 
caused by the lack of the crystallization of an Al phase as a primary crystal is avoided, 
and that, if it exceeds 20% in mass, the effect of improving corrosion resistance is 
saturated. 

r00411 The — rcason Some of the reasons why an Mg content is limited to 1 to 
10% in mass is that, if it is less than 1% in mass, the effect of improving corrosion 
resistance is insufficient and, if it exceeds 10% in mass, a plated layer embrittles and thus 
adhesiveness deteriorates. 

[00421 Si has the effect of suppressing the growth of an Fe-Al alloy layer and 

improving plating adhesiveness. For that reason, it is effective to add Si when an Fe-Al 
alloy layer is likely to grow as in the case of a high plating bath temperature or a large Al 
content. The rcaoon Some of the reasons why an Si content is limited to 0.001 to 
2% in mass is that, if it is less than 0.001% in mass, the effect of suppressing the growth 
of an Fe-Al alloy layer in a plated layer is insufficient and, if it exceeds 2% in mass, the 
effect of improving adhesiveness is saturated. 



[0043] — ^According to an exemplary embodiment of the present 
invention, a Zn-Mg-Al-type plated layer forms a metallographic structure containing one 
or more of a [Zn phase], an [Al phase] and a [Zn2Mg phase] in the substrate of an 
[Al/Zn/Zn2Mg ternary eutectic structure]. Then, a Zn-Mg-Al-Si-type plated layer forms a 
metallographic structure containing one or more of a [Zn phase], an [Al phase], a [Zn 2 Mg 
phase], an [Si phase] and an [Mg 2 Si phase] in the substrate of an [Al/Zn/Zn 2 Mg ternary 
eutectic structure], 

[0044] Here, — a^ The [Al/Zn/Zn 2 Mg ternary eutectic structure] 
j^& can be the ternary eutectic structure comprising an Al 
phase, a Zn phase and an intermetallic compound Zn 2 Mg phase. 
The Al phase which composes the ternary eutectic structure 
corresponds to, for example, an [Al" phase] (an Al solid 
solution that contains Zn in the state of a solid solution 
and includes a small amount of Mg) at a high temperature in 
an Al-Zn-Mg ternary phase equilibrium diagram. Such an Al" 
phase at a high temperature usually appears in the state of separating into a fine Al phase 
and a fine Zn phase at an ordinary temperature. Further, the Zn phase in the ternary 
eutectic structure contains a small amount of Al in the state of a solid solution and, in 
some cases, is a Zn solid solution wherein a small amount of Mg is dissolved further. 
The Zn 2 Mg phase in the ternary eutectic structure is an intermetallic compound phase 
existing in the vicinity of the point indicated at about 84% in mass of Zn in the Zn-Mg 
binary phase equilibrium diagram. As long as it is observed in the phase diagram, it is 
estimated that Si does not dissolve in each phase or, even if it dissolves, the dissolved 



amount is very small. However, since the very small dissolved amount cannot clearly be 
identified with an ordinary analysis, the ternary eutectic structure composed of the three 
phases is expressed by the term [Al/Zn/Zn2Mg ternary eutectic structure] 

-^ according to the exemplary embodiment of the present 
invention . 

100451 Further, an [Al phase] j^& can be the phase that looks like 

an island having a clear boundary in the substrate of the 
aforementioned ternary eutectic structure and the phase 
corresponds to, for example, an [Al" phase] (an Al solid 
solution that contains Zn in the state of a solid solution 
and includes a small amount of Mg) at a high temperature in 
an Al-Zn-Mg ternary phase equilibrium diagram. In an Al" 
phase at a high temperature, the amounts of dissolved Zn 
and Mg vary in accordance with the concentrations of Al and 
Mg in a plating bath. Such an A1 M phase at a high temperature usually 
separates into a fine Al phase and a fine Zn phase at an ordinary temperature and it is 
reasonably estimated that the island shape observed at an ordinary temperature is the 
residue of the Al n phase at a high temperature. As long as it is observed in the phase 
diagram, it is estimated that Si does not dissolve in the phase or, even if it dissolves, the 
dissolved amount is very small. However, as the very small dissolved amount cannot 
clearly be identified with an ordinary analysis, the phase that derives from the Al" phase 
(called an Al primary crystal) at a high temperature and retains the shape of the Al" phase 
is called an [Al phase] in the present invention. In this case, the [Al phase] can clearly be 



distinguished from the Al phase composing the aforementioned ternary eutectic structure 
under microscopic observation. 

[00461 Furthermore, a [Zn phase] jrs- can be the phase that looks 
likc appears as an island having a clear boundary in the 
substrate of the aforementioned ternary eutectic structure 
and, in some actual cases, a small amount of Al and further 
a small amount of Mg may dissolve in the phase. As long as 
it is observed in the phase diagram, it is estimated that 
Si does not dissolve in the phase or, even if it dissolves, 
the dissolved amount is very small. In this case, the [Zn 
phase] can clearly be distinguished from the Zn phase 
composing the aforementioned ternary eutectic structure 
under microscopic observation. 

r00471 Yet further, a [Zn 2 Mg phase] j^ &can be the phase 
that looks like an island having a clear boundary in the 
substrate of the aforementioned ternary eutectic structure 
and, in some actual cases, a small amount of Al may 
dissolve in the phase. As long as it is observed in the 
phase diagram, it is estimated that Si does not dissolve in 
the phase or, even if it dissolves, the dissolved amount is 
very small. In this case, the [Zn 2 Mg phase] can clearly be 
distinguished from the Zn 2 Mg phase composing the 



aforementioned ternary eutectic structure under microscopic 
observation . 

[00481 — ¥efe Still further, an fSi phase] jr& may be the phase that looks 
like an island having a clear boundary in the 
solidification structure of a plated layer, for example, 
the phase that corresponds to primary crystal Si in a Zn-Si 
binary phase equilibrium diagram. In some actual cases, a 
small amount of Al may dissolve in the phase and thus, as 
long as it is observed in the phase diagram, it is 
estimated that Zn and Mg do not dissolve or, even if they 
dissolve, their dissolved amounts are very small. In this 
case, the [Si phase] can clearly be identified in the 
plated layer under microscopic observation. 

[00491 Yet furthcr ln addition , an [Mg 2 Si phase] -i-s- can be the 
phase that looks like an island having a clear boundary in 
the solidification structure of a plated layer, for 
example, the phase that corresponds to primary crystal Mg 2 Si 
in an Al-Mg-Si ternary phase equilibrium diagram. As long 
as it is observed in the phase diagram, it is estimated 
that Zn and Al do not dissolve or, even if they dissolve, 
their dissolved amounts are very small. In this case, the 
[Mg 2 Si phase] can clearly be identified in the plated layer 
under microscopic observation. 



[00501 An example of the solidification structure of the aforementioned plated 

layer is shown in Figure 2 . Figures 2(a) and 2fb\ Figure 2(a)7 — the upper half 
of Figure 2, — i-s— a shows an exemplary microphotograph (magnification: 2,500) 
of the plated layer of a plated steel material according to another exemplary embodiment 
of_the present invention— emd — . Figure 2(b) 7 — the lower half thereof, — ie 
shows an illustration ohowinq of the distribution state of each structure in the 
microphotograph of Figure 2(a) . As i^-can be understood from the figures Figures 
Ua) and l(b\ each structure can clearly be identified by a microphotograph of the plated 
layer of a plated steel material according to the exemplary embodiment of the p resent 
invention. 

[0051] -^ According to the present invention, it jre may be desirable that the 
melting point of an intermetallic compound contained in a plated layer is 600°C or 
higher. 5%e — rcaoon One of the reasons why surface smoothness improves by 
containing an intermetallic compound having a melting point of 600°C or higher is 
presumably that an intermetallic compound of a high melting point acts as a nucleus of a 
crystal, [Al phase] crystals crystallize in quantity and, as a result the growth of [Al phase] 
crystals is suppressed. 

f0052J The — rcaoon One of the reasons why the content of an intermetallic 
compound having a melting point of 600°C or higher is limited to 0.001 to 0.5% in mass 
is that, if it is less than 0.001% in mass, the effect of improving surface smoothness is 
insufficient and, if it exceeds 0.5% in mass, an intermetallic compound concentrates on 
the surface of a plated layer and poor appearance occurs. 



[0053] A method of adding an intermetallic compound is not particularly 

regulated and a method of mixing fine powder of an intermtallic compound in a bath, a 
method of melting an intermetallic compound in a bath or the like may be applied. In 
particular, a bath prepared by melting very small amounts of Ti, Ni, Co, Cr, Mn, Ce, Ir, 
La, Mo, Nb, Se, Ta, Zr, Ca, Sr, etc. in a Zn-Al alloy liquid at a temperature of 400°C to 
600°C and adding the elements which crystallize as an intermetallic compound during 
solidification before an Al phase crystallizes is very effective in improving surface 
smoothness. 

[00541 In the case of a plated layer formed by hot dip plating in a bath to which 

elements having aforementioned features are added, intermetallic compounds composed 
of one or more of TiAl 3 , NiAl 3 , Co 2 Al 9 , C04AI13, CrAl 4 , CrAl 7 , Cr 2 Aln, M114AI11, MnAl 6 , 
Al u Ce 3 , CeZn 2 Al 2 , Al 9 Ir 2 , Al u La 3 , Al 12 Mo, NbAl 3 , Al 2 Se 3 , TaAl 3 , ZrAl 3 , Zr 2 ZnAl 3 , 
Al 2 Ca, Ti 7 Al 5 Sii 2 , FeNiAl 9 , Fe 3 NiAl 10 , TiAl 2 , TiAl, Ni 2 Al 3 , NiAl and SrAl 4 are contained 
in or beside an Al phase. 

[00551 Such intermetallic compounds may also look — liko appear as 

islands having clear boundaries in the solidification structure of a plated layer. When an 
intermetallic compound is crystallized from an Si added bath, sometimes a small amount 
of Si may dissolve in the intermetallic compound or a part of Al contained in the 
intermetallic compound may be replaced with Si. 

[0056] In the case of an intermetallic compound having a lattice constant close to 

4.05 A, which is the lattice constant of Al in particular, an inoculation effect is likely to 



be obtained and, for that reason, it jr &may be desirable that at least one of the lattice 
constants of intermetallic compounds is in the range from 3 to 5 A. 

[0057] As Al-type intermetallic compounds having the aforementioned features, 

an Ni-Al-type intermetallic compound, a Ti-Al-type intermetallic compound, a Zr-Al- 
type intermetallic compound, an Sr-Al-type intermetallic compound and the like, 
concretely NiAl 3 , TiAl 3 , Ti(AliocSi x )3, ZrAl 3 , SrAl 4 , etc., can be used. 

[00581 As substrate steel materials in the present invention, not only steel sheets 

but also various steel materials including wire rods, shapes, sections, steel pipes, etc. can 
be used. As steel sheets, both hot-rolled and cold-rolled steel sheets can be used and, 
with regard to steel types too, various types of steels can be applied, such as Al-killed 
steels, ultra-low carbon steel sheets to which Ti, Nb, etc. are added, high-strength steels 
produced by adding strengthening elements such as P, Si, Mn, etc. to the above steels, 
and stainless steels. 

[0059] A method for producing a product according to an exemplary embodiment 

of the present invention is not particularly regulated and various methods such as 
continuous plating method for steel sheets, hot dip plating method for steel materials and 
wire rods can be applied. In the case of applying Ni pre-plating as the lower layer, a 
commonly adopted pre-plating method may be applied. A product produced according to 
the present invention can secure a plating layer having a good surface smoothness even 
when a cooling rate is low, and therefore the effect of the exemplary embodiment of the 
present invention is conspicuous in hot dip plating and hot dip plating of a material 
having a large thickness wherein a large cooling rate is hard to secure. 



[00601 Though the deposition amount of plating is not particularly regulated, a 

desirable amount is 10 g/m 2 or more from the viewpoint of corrosion resistance and 350 
g/m 2 or less from the viewpoint of workability. 

[0061] — q^ eExemplary embodiments of the present invention is 
hcrcundcr are further explained oonoretcly below on the basis of Examples. 

Example 1 

100621 Cold-rolled steel sheets 2.0 mm in thickness were prepared, subjected to 

hot dip plating for three seconds at 400°C to 700°C in a plating bath wherein the amounts 
of added elements were changed and to N 2 wiping for adjusting the plated amount to 140 
g/m 2 , and then cooled at a cooling rate of 10°C/sec. or lower. The compositions of the 
plated layers of Zn-type plated steel sheets and Al-type plated steel sheets thus produced 
are shown in Tables 1 and 2, respectively. 

[0063] Smoothness was evaluated by measuring the roughness in the wavelength 

range of 50 ^m or more and regarding the roughness of 2 jim or less as acceptable. 

[00641 The plated steel sheets thus produced were polished at an inclination of 10 

degrees, an intermetallic compound was searched for by SEM, and the intermetallic 
compound was determined from the composition rate obtained by EPMA. In the 
evaluation, when an Al-type intermetallic compound was confirmed in or beside an Al 
phase, it was judged to be acceptable. 

[00651 The evaluation results are shown in Tables 1 and 2. In the cases of Nos. 1, 

6, 1 1, 16, 21, 26 and 31, an intermetallic compound was not contained in an Al phase and 



therefore smoothness was unacceptable. In all the other cases, good smoothness was 
obtained. 



Table 1 



NO . 


Composition 
of hot dip 
galvanized 
layer (wt%) 


Intermetallic 
compound 


Lattice constant of 
compound (A) 


Inter- 
metallic 
compound 

in >\j. 

pnase 


Roughness 
evaluation 


Remarks 


Al 


Ma 


Si 




b 


£ 


1 
X 


5 














Unaccept . 




Unaccept . 




Comparable 


2 


5 






1 lnj.3 


3.8537 




ft c;ft *)Q 


Accept . 


Accept . 


Invented 


3 


5 






KM ZVl , 
IN J.rtJ.3 


6.598 


7 . 352 


4 . 802 


rtccept . 


Accept . 


Invented 


4 


5 






it Art J. 3 


4.009 




17.281 


rtccept . 


Accept . 


Invented 


R 

3 


5 






c r- a I 

o rrt 14 


4.46 




11.07 


Accept . 


Accept . 


Invented 


D 


11 


3 












unaccept . 


Unaccept . 


Comparable 


7 


11 


3 




Ti al 
1 1MI3 


3.8537 




8.5839 


Accept . 


Accept . 


Invented 


8 


11 


3 




NiAl 3 


6.598 


7.352 


4.802 


Accept . 




TnvPn t~ pH 

JLJl VCIILCU 


9 


11 


3 




ZrAl 3 


4.009 




17.281 


Accept . 


Accept. 


Invented 


10 


11 


3 




SrAl 4 


4.46 




11.07 


Accept . 


Accept . 


Invented 


11 


11 


3 


0.05 










Unaccept . 


Unaccept. 


Comparable 


12 


11 


3 


0.05 


Ti(A10.85Si0.15) 3 


3.78 




8.538 


Accept. 


Accept. 


Invented 


13 


11 


3 


0.05 


NiAl 3 


6.598 


7.352 


4.802 


Accept . 


Accept. 


Invented 


14 


11 


3 


0.05 


ZrAl 3 


4.009 




17.281 


Accept. 


Accept . 


Invented 


15 


11 


3 


0.05 


SrAl 4 


4.46 




11.07 


Accept. 


Accept. 


Invented 


16 
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1.5 










Unaccept . 
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17 


55 




1.5 


Ti(A10.85Si0.15) 3 


3.78 
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Accept . 


Accept. 


Invented 


18 
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6.598 


7.352 


4.802 


Accept. 


Accept. 


Invented 


19 


55 




1.5 


2rAl 3 


4.009 




17.281 


Accept. 


Accept. 


Invented 


20 
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1.5 


SrAl 4 


4.46 




11.07 


Accept. 


Accept. 


Invented 


21 


55 


3 
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Unaccept . 
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Comparable 


22 


55 


3 


1.5 


Ti(Al0.85Si0.15) 3 


3.78 




8.538 


Accept . 


Accept. 


Invented 


23 


55 


3 


1.5 
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7.352 
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Accept . 


Accept. 


Invented 


24 


55 


3 


1.5 
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4.009 




17.281 


Accept . 


Accept. 


Invented 


25 


55 


3 


1.5 


SrAl 4 


4.46 




11.07 


Accept . 


Accept. 


Invented 



Table 2 



No. 


Composition 
of Al hot 
dip plated 
layer (wt%) 


Intermetallic 
compound 


Lattice constant of 
compound (A) 


Inter- 
metallic 
compound 
in Al 
phase 


Roughness 
evaluation 


Remarks 


Al 


Mg 


Si 


a 


b 


c 


26 






10 










Unaccept. 
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Comparable 


27 






10 
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8.538 


Accept. 
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28 






10 


NiAl 3 
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Accept . 


Accept. 
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29 






10 
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4.009 
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Accept. 


Accept . 


Invented 


30 






10 
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4.46 
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Accept. 


Accept . 


Invented 


31 




6 


10 










Unaccept . 
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6 


10 


Ti(Al0.85Si0.15) 3 


3.78 
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6 


10 
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6.598 


7.352 


4.802 


Accept. 


Accept . 


Invented 


34 




6 


10 


ZrAl 3 


4.009 




17.281 


Accept. 


Accept . 


Invented 


35 




6 


10 


SrAl 4 


4.46 




11.07 


Accept. 


Accept. 


Invented 



Example 2 



[00661 Cold-rolled steel sheets 2.0 mm in thickness were prepared, subjected to 

hot dip plating for three seconds at 400°C to 600°C in a Zn alloy plating bath wherein the 



amounts of added elements were changed and to N 2 wiping for adjusting the plated 
amount to 140 g/m 2 , and then cooled at a cooling rate of 10°C/sec. or lower. The 
compositions of the plated layers of the plated steel sheets thus produced are shown in 
Table 3. 

f00671 Smoothness was evaluated by measuring the roughness in the wavelength 

range of 50 Jim or more and regarding the roughness of 2 \im or less as acceptable. 

100681 The evaluation results are shown in Table 3. In the cases of Nos. 1 and 

23, an intermetallic compound was not contained in the plated layers and, therefore, the 
smoothness was unacceptable. In all the other cases, good smoothness was obtained. 



Table 3 
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Composition of hot dip galvanized 
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Accept . 


Invented 
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Accept. 


Invented 
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Zr 2 ZnAl 3 


Accept . 


Invented 
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Accept . 


Invented 
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0.1 


Ti7Al 5 Sii2 


Accept . 


Invented 
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FeNiAlg 


Accept . 


Invented 
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Accept . 


Invented 


41 
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0.1 


TiAl 2 


Accept . 


Invented 


42 
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0.1 
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Accept . 


Invented 


43 
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0.05 


0.1 


Ni 2 Al 3 


Accept. 


Invented 


44 


3 




0.05 


0.1 


NiAl 


Accept . 


Invented 



Industrial Applicability 



[00691 The exemplary embodiments of the present invention makes it possible to 
produce a plated steel sheet excellent in surface smoothness without the formation of 
ruggedness on the surface even when a solidification speed of plating is low and to 
provide a very excellent effect industrially. 
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